The objective of this study was to evaluate the effect of intramuscular (i.m.) ceftiofur (2.2 mg/kg) on important outcomes of systemically mild clinical mastitis episodes in lactating dairy cattle. Cows with clinical mastitis were randomly assigned to a treatment group: pirlimycin intramammary (i.m.m.) (n = Some dairy herds that have successfully controlled contagious mastitis pathogens and lowered their bulk tank somatic cell count have not decreased the incidence of clinical mastitis presumably due to an increase in mastitis caused by environmental pathogens. In many such herds, 25 to 60% of clinical mastitis is caused by coliform pathogens, primarily Escherichia coli (Shpigel et al., 1998; Hogan and Smith, 2003 (Watts et al., 1995) . Therefore, the immune response, primarily neutrophils in the mammary gland, is responsible for elimination of the gram-negative bacteria. There is increasing evidence that coliform bacteria can cause chronic IMI. Bradley and Green (2001) reported that 35% of clinical cases were due to E. coli and 24% of E. coli mastitis was due to recurrent clinical episodes in the same quarter. Genotype determination indicated 86% of recurrent episodes were due to persistent E. coli infections. Döpfer et al. (1999) reported 4.8% of all clinical mastitis was attributable to persistent E. coli IMI. Persistent coliform infection may be due to failure of the immune system to effect a bacteriologic cure of the mammary gland. Antibiotic intervention may assist the clearance of gram-negative bacteria from infected glands to improve outcomes of clinical mastitis episodes.
Abbreviation key: CULLED = culled due to mastitis episode, DRIED = quarter dried chemically or teat amputated due to mastitis episode, i.m. = intramuscular, i.m.m. = intramammary, REMAST = retreated clinical mastitis episode, RECUR = recurrent clinical mastitis episode in the same quarter.
Some dairy herds that have successfully controlled contagious mastitis pathogens and lowered their bulk tank somatic cell count have not decreased the incidence of clinical mastitis presumably due to an increase in mastitis caused by environmental pathogens. In many such herds, 25 to 60% of clinical mastitis is caused by coliform pathogens, primarily Escherichia coli (Shpigel et al., 1998; Hogan and Smith, 2003) . Commercial intramammary (i.m.m.) antibiotics available in the United States have limited activity against gram-negative mastitis organisms (Watts et al., 1995) . Therefore, the immune response, primarily neutrophils in the mammary gland, is responsible for elimination of the gram-negative bacteria. There is increasing evidence that coliform bacteria can cause chronic IMI. Bradley and Green (2001) reported that 35% of clinical cases were due to E. coli and 24% of E. coli mastitis was due to recurrent clinical episodes in the same quarter. Genotype determination indicated 86% of recurrent episodes were due to persistent E. coli infections. Döpfer et al. (1999) reported 4.8% of all clinical mastitis was attributable to persistent E. coli IMI. Persistent coliform infection may be due to failure of the immune system to effect a bacteriologic cure of the mammary gland. Antibiotic intervention may assist the clearance of gram-negative bacteria from infected glands to improve outcomes of clinical mastitis episodes.
Intramuscular (i.m.) ceftiofur does not attain effective concentrations in the normal or inflamed mammary gland (Owens et al., 1990; Erskine et al., 1995) although treatment benefit in cows with severe coliform mastitis may occur from reduced negative effects of bacteremia (Erskine et al., 2002) . Döpfer et al. (2001) showed that E. coli isolated from a chronically infected gland could penetrate epithelial cells. These data and the desire to reduce rates of recurrent clinical mastitis episodes have resulted in many producers and veterinarians treating mild gram-negative infections with i.m. ceftiofur.
The objectives of this study were to determine the effect of i.m. ceftiofur on rate of recurrent clinical mastitis episodes in the same quarter, culture-negative milk samples 7 d after leaving hospital pen, retreatment rate, and the incidence of mastitis episode-related loss of quarter, death, and culling in dairy cattle with systemically mild clinical mastitis.
The study was performed from June 2002 to September 2003, on a commercial dairy that milked 1300 cows with an average bulk tank SCC of 200,000 cells/mL. The herd was vaccinated with a gram-negative, core antigen vaccine following label instructions plus an additional booster at 80 DIM. Lactating cows with systemically mild clinical mastitis and a positive 0-h (initial) milk culture result were enrolled in the study. Systemic disease severity was defined as described previously (Wenz et al., 2001) . Briefly, systemically mild clinical mastitis cases displayed local signs of inflammation (abnormal milk or gland, or both), with limited signs of systemic disease. Cows were excluded from the study if multiple glands were affected; they had been treated for clinical mastitis 30 d before enrollment; they had significant teat-end damage; or had concurrent clinical disease.
Cows were randomly assigned to 1 of 4 treatment groups: 50 mg of pirlimycin, i.m.m. once a day for 2 d (n = 35); 50 mg of pirlimycin, i.m.m. once a day for 2 d and ceftiofur, once a day for 3 d (n = 36); 200 mg of Secretion from affected glands was collected at the 0-h (initial) examination and 7 d after leaving the hospital pen. Samples were plated (100 L) and bacterial colonies were identified following National Mastitis Council guidelines (NMC, 1999) at 24 and 48 h, and IMI diagnosed if samples contained ≥10 cfu/mL on both blood and MacConkey agar. Samples with ≥3 different organisms were considered contaminated.
Cows had a retreatment (REMAST) recorded if, at the end of the assigned treatment, there was no im- Treatment groups: PIR = pirlimycin intramammary; PIREX = pirlimycin intramammary, ceftiofur intramuscular; CEF = cephapirin intramammary; and CEFEX = cephapirin intramammary, ceftiofur intramuscular. No.: Numerator = number of cows with outcome, denominator = total number of cows in treatment group available for evaluation. provement or the milk was still abnormal 2 d after the last treatment and further antibiotic therapy was administered. A recurrent mastitis episode (RECUR) was recorded if mastitis was identified in the same quarter from 15 to 90 d after the initial episode. Milk samples were defined as culture-negative if there was no growth or growth different from the 0-h sample on milk samples obtained 7 d after leaving the hospital pen. Loss of quarter (DRIED), death, and culling due to mastitis were assessed. No cows died during the clinical mastitis episodes. Cows leaving the herd as a direct result of mastitis were classified as culled (CULLED). The association of treatments and initial clinical findings with outcomes was evaluated with logistic regression using a stepwise backward elimination procedure (PROC LOGISTIC, SAS v. 9.01; SAS Institute, Inc., Cary, NC) .
One hundred forty-four cows with systemically mild clinical mastitis were enrolled (Table 1) . Gram-negative bacteria were the predominant isolates (99/144; 68.8%) with E. coli the most common (83/144; 57.6). There were fewer gram-positive isolates (32/144; 22.2%) (χ 2 , P < 0.001), with environmental Streptococcus spp. being the most common (21/144; 14.6%). The mean incidence of clinical mastitis in the herd was 5.4 episodes (range of 4.8 to 7.3 episodes)/100 cows per mo during the study. Approximately 85% of all clinical mastitis and 95% of acute coliform mastitis in the herd was systemically mild.
Treatment was not significantly associated with RE-CUR (Wald F, P = 0.9; Table 2 ). Significant variables in the final model included culture Gram stain, culturenegative 7 d after leaving the hospital pen, and presence of rumen atony and udder firmness ( CUR than those with gram-positive infection. Cows with culture-positive status 7 d post-hospital pen were 4.4 times more likely to RECUR. Cows with rumen atony or without udder firmness were 6.0 and 3.9 times more likely to RECUR, respectively. The association between RECUR and local as well as systemic disease signs is interesting and warrants further investigation. There was no association between treatment and DRIED or CULLED.
A comparison by treatment group for all bacterial isolates or gram-negative isolates alone showed no significant differences for the outcomes evaluated (Table  3) . Intramuscular ceftiofur had no effect on the outcomes in this study. Low cow numbers per treatment group may have limited the power of the study; however, our results and prudent drug-use guidelines would suggest that i.m. ceftiofur not be used for treatment of systemically mild acute coliform mastitis.
